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INTRODUCTION 
Insects probably outnumber all other species of animals and plants if 
taken together. According to a probable estimate the number of described 
insect species in the world are 751,012 Arnett (1985). Due to the rapid 
destruction of habitat world wide, actual number of the insect's can't be 
guessed. Although the pest species contributes a small proportion of the 
total number of insect species, but this group is chronic-trouble maker 
destroying annually millions of rupees worth of agricultural crops, fruits, 
shade trees, ornamental plants, stored product of various sorts, household 
items and other valuable material goods, thus lowering the yield and 
quality and also increases product costs. 
During the post harvest the total loss or spoilage by insect pests, 
moisture, mites, micro-organism, rats, birds etc. is about 20% average. 
When the insect infestation develops, they can reduce the grain weight by 
10%. '. ,e stored grain insect often causes as much loss after harvest as 
crop pest cause during the growing. The losses due to insect is not only 
because of direct feeding, damage but also by contamination and 
deterioration. The losses can be caused in the two ways firstly by the direct 
feeding, damage result in reduction in weight, sprouting, glutein 
deterioration, loss of inviability and nutritional value, disturbances in 
biochemical processes ultimately leading to less market value, secondly the 
downgrading of grain, and its market value due to insect parts, odours, 
moulds and heat damage. The activities of these may also cause heating of 
grains leading to their caking and affords an ideal solution for the growth 
of moulds and encourages spoilage Wilbur and Mills (1918). In India the 
annual losses caused by the insect and pathogen has been upto 600-800 
crore rupees/year. By the insect pests diseases and weeds in India are 
estimated to be 7.78 billion US dollars. 
In India pests and crop diseases causes a heavy loss of about Rs 
5000 crores annually by damaging crops of great agricultural economic 
importance and every year 1 out of 5 tonnes of the production is also 
claimed by insects Banerji et al. (1985). World wide the annual post 
harvest losses caused by insects damage, microbial deterioration and other 
factors are estimated to be 10-25% Mathwes (1993). It was observed that 
25-40% of food produce is destroyed or consumed by pests at the pre and 
post harvest stage. Crop worth Rs 12,000 crores are just eaten away by 
pests Shroff (2000). These losses can however be minimized if the liberal 
use of pesticides is encouraged. 
The projected household demand for food till 2020 shows that 
between 1995 and 2020 for food it is likely to be doubled, for vegetables 
more than 2.5 times. Thus increase in consumption of pesticide is likely to 
be at least 2 or 3 times more in the years to come. In India, consumption of 
pesticides is increasing at the rate of 2-5%) per annum. To date pesticide 
consumption between 480-520 grm/hac and this accounts for about 3% of 
the total pesticides used in the world (The Hindu Survey of Indian 
Agriculture, 2004). 
The high yielding varieties of seed necessitated the increased use of 
fertilizers and irrigation facilities, resulted in high number of pests, weeds 
and diseases, thus making them less remunerative. The principles of 
holding the plant protection umbrella before the arrival of insects on crop 
and stored grain proved effective to protect the crops and stored products 
from the attack of insects. 
The successive gratifying harvests was a great blessing to the nation 
for more than 6 years and this was possible largely due to the use of 
advanced agricultural methods including the application of insecticides and 
the predatoiy and parasitizing abilities of insects to save agricultural crops 
which are exploited as biological control. 
In the developing world, the need of pesticides is so great and tlie 
difficulty in utilising those that require advanced technique is so to support 
the use of pesticide when necessary. In 1979, the demand of pesticides was 
110,000 tonnes as against the production of 72,000 tonnes. According to 
Nair (1998) the global pesticide consumption in the year 1997 was 
estimated to be 45 lakh, upto 18.74 lakh since 1980 and in India the total 
pesticide consumption was valued to Rs 555.64 crore. 
Respite some drawbacks and adverse publicity, pesticides have 
remained as one of the important tool in controlling the pests. The 
pesticides develop in the last quarter of centmy have served as the most 
effective and economical means to combat pest menance over a large area. 
Basit et al. (1987) pointed out that the average yield of rice in Asian 
countries could probably be doubled by the use of pesticides. 
The use of pesticides is harmful in many way and their unilateral use 
in agriculture must not be given a green signal. A complete ban on the 
pesticides may show the negative effect, since any single method of pest 
control can't solve the problem of all sorts, therefore a serious thoughl 
must be given to the problem and sound judgment about their use. 
Since synthetic chemicals are imposing several deleterious effects 
on the eco-system and in view of the undesirable effects that may occur 
due to unilateral dependence on synthetic chemicals alone, the further 
researches are in the direction of insect growth regulators, antifeedents. 
repellents and phagodeterrents of natural origin as these are less toxic as 
well as easily biodegradable in nature Rajasekran and Kumaraswami 
(1985). Other tools of IPM like radiations or natural predators can also be 
applied for the control of insect pests since smaller amounts of chemicals 
would then be needed to obtain effective control of pest as it would lessen 
the danger of both environmental pollution and development of resistance 
in pests. 
To support the above statement preset study consist of two parts. 
Part A consist of studying the effect of various concentrations of different 
insecticides on the adult Coccinella septumpiwctata by allowing them to 
feed on treated aphids. While Part B consist of study the effects of gamma 
rays alone and in combination with malathion on two stored grain pests 
Tribollum castaneum (Herbst) and Rhizopertha dominlca (Fabricius). 
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INTRODUCTION 
The modem 1PM philosophy is basically the outcome of concepts 
given by Stern et al. (1969). Since the last decade considering ills effects 
of chemical pesticides which subsequently led to ban of number of 
chemicals, the Biointensive Integrated Pest Man^vgement (BIPM) lias 
beconK more popular which is more feasible and economic method. 
particularly to small and marginal farmers. 
In BIPM natural enemies play a major role in suppressing pest 
population in the crops whenever the suitable conditions prevail in any 
agro-ecosystem. Natural enemies being used for the control of pest as early 
as 12^ '^  centuiy. The farmers of China and other Asian countries used to 
maintain colonies of predatory ants to reduce the pes*^  population on citrus 
trees. ^>e Indian Myna bird was imported to Mauritius for the control of 
Red Locust in 1767. In India the earliest deliberate and successful 
introduction of natural enemies against insect pests were coccinellid 
beetles, Cryptolaemus montouzieri from Australia in 1898. These success 
and also many others elsewhere has prompted Indian entomologists to pay 
more attention to biological control as promising alternative to chemical 
control. Some of the predators success in the biological control have been 
achieved by Lady bird beetles, Syrphids and Lacewings feeding on aphids 
infesting several crops. 
De Bach (1904) indicated that 60% of the pest population in the 
field is suppressed by the naturally occurring parasitoid and predators 
alone. After the long and indiscriminate use of synthetic pesticides, several 
predators and parasitoids of crop pests have been successfully used in pest 
management. Indiscriminate use of broad spectrum chemicals in the past 
has resulted in the depletion of biodiversity of natural enemies and 
outbreaks of secondary pests, development of resistance to pesticides 
resurgence and contamination of food and environment. 
Kapur (1942) studied the bioeconomics of some coccinellidae 
predaceous aphids and coccids in North India, covering the life history of 
Adonia variegata, Bnimus suturalis and Scymmis qvandrilhim. A. 
variegate is a palaearctic species found in the field from about March to 
October, it is an aphidivorus species and depending on the feeding capacity 
the species is considered to be useful predator. B. suturalis occurs all over 
India and is found throughout the year except extreme of climates, having 
varieties of hosts including Aphids, Coccids, Aleurodids, Psyllids, mites 
and eggs of certain insects. S. qiiadrillium hosts 5 species of aphids and 2 
of coccids but the grubs have been observed to feed only on aphids. Singh 
and Malhotra (1979) studied the bionomics of C. septumputictala and 
found that the precopulation period of the adult was averaged to 6.6 days. 
The total number of aphids consumed by a larva to become pupa was 
averaged to 284.6 aphid while it was 95 aphids and 110 aphids for male 
and female respectively. 
Sharma and Adlakha (1981) studied the selective toxicity of 
insecticides to the adults of C septiimpunclata and cabbage aphid 
Brevicorync hrassicaa and found that on the basis of intrinsic toxicity to 
insecticides, toxaphene, endosulfan and a fosalone appeared to be 
inherently safe to C. septumpimctata while Naled, ethion, dimethoate. 
fenitrothion were highly toxic. Safety indices worked out on the basis of 
LC50 and LC90 values also confirmed the innocuity of endosulfan, 
menazon, phosalone and methydemeton, ethyl parathion was more toxic to 
B. brassicae than C. septumpimctata though it was quite toxic inherently. 
Butler (1982) studied the development of C. septumpimctata in relation to 
constant temperature and found that with the increase in the temperate 
from 17.0 °C to 30.0 °C the egg stages duration decreased from 7.2 to 2.1 
days. Bakhetia and Sidhu (1981) studied the effect of rainfall and 
temperature on the mustard aphid L. erysimi. ^ 
Sharma and Adlakha (1986) observed the toxicity of some 
insecticides to the adults of C. septumpunctata after predating upon 
cabbage aphid B. brassicae and found that the predator C. septximpunciaia 
upon poisoned aphid B. brassicae results in mortality of the predator which 
varies according to toxicity and selectivity of insecticides. Out of 28 
insecticides naled, fenthoate, fenitrothion, diazinon, trichlorfon, 
dimethoate, phosphamidon, malathon, ethion, monocrotophos, fenthion and 
carboxyl were found to be highly toxic while endosulfan, toxaphene, BHC, 
chlordane, quinalphos safe to predator. Bakhetia et al. (1986) found 
oxydemeton methyl, chlorpyriphos, methamidophos, primicarb, phosalone, 
quinalphos, formathion, malathion to be promising for L. erysimi on 
mustard and rapeseed. 
Singh et al. (1994) studied the post embiyonic development, 
survival rate and predation potential of C. septumpitnctata in relation to 
Lipaphis erysimi and found that the average duration of larval stage of C. 
septumpunciata was 14.0 and 13.0 days during February and March witli 
the minimum and maximum periods vaiying from 11.0 to 17.00 and 10.00 
to 16.00 respectively. The longevity of adults was higher in February 
(16.73 days) than in March (13.32 days). Most of the coccinellids expired 
after 30"' day. The number of aphid consumed/day by an individual 
predator increased with the increase in its larval stage, it increases from 
25.00 to 100 nymphs in February and March respectively. 
Singh and Ransingh (1994) also studied the life fecoundity of C. 
septumpxinctata on mustard aphid i.e. L. erysimi Kalt under laboratory and 
field conditions. Behura (1994) revealed the mysteiy of aphid life history 
and found that the among aphids some are anholocyclic and others are 
holocyclic. Virginopare develop in long summer conditions but under short 
day conditions a generation of ovipare and males arise. In 1995, Dhingra ei 
al. observed that insecticidal safety limits for coccinellid Menochihis 
sexmaculatMs F. predating on different aphid species and among the 
various insecticides. They further observed that endosulfan, lindane and 
methyl demeton had a very marginal effect on adults of M. sexmaculaiiis 
being at same time most effective and are commonly used against various 
species of aphids. 
Yadav el al. (1988) conducted studies on comparative efficacy of 
some insecticides against cabbage aphid, endosulfan, malathion at 0.05%, 
quinalphos, phosalone, chlorpyrifos, dichlorvos, methyldemeton, 
formothion at 0.25%, carbaiyl at 0.15%) proved significantly superior over 
control. Among insecticides methyl demeton and endosulfan gave 
excellent kill and kept the pest population under check. Malik et al. (1998) 
studied the feeding prosperity of coccinellids on mustard aphid and found 
coccinellids C. septiimpunctata devoured significantly maximum 65.11 
aphids followed by M sexinaailaius, C. repanda, C. transversalis. Afroz 
and Shujauddin (1998) also studied the bioecology of Synia me/anaria 
(Coleop. Cocci) predating upon on Coptosuma ostemiim. 
Nirmala devi et al. (2001) studied the comparative efficacy of 
insecticides against mustard aphid L. erysimi (Kalt.) on rapeseed crop in 
mid hill zone of Himachal Predesh. The initial average population ranged 
from 11.38 to 13.61 aphids/20 plants, which was reduced after application 
of insecticides and the order of efficacy of insecticides to L. erysimi was 
found phosphamidon (0.03%,) > cypermethrin (0.0 T/o) > methyl demeton 
(0.025%)) > dimethoate (0.03%)). Kanekar el al. (2004) studied the 
biodegiadation of organophosphoriis pesticides considering liie toxic 
effects of pesticides, it is essential to remove these chemo-pollutants from 
the environment. Biological removal of chomo-pollutants becomes the 
method of choice since micro organisms can use a variety of xenobiotic 
compomids including pesticides for their growth and mineralize and 
detoxify them. 
Malik el al. (2001) studied the impact of different agronomical 
inputs comprising various combinations of thinning (15 and 25 DAS), 
weeding (40 DAS), fertilizer (N100P40K40 kg/ha), sulphur (30 kg/ha), 
fungicide (mancozeb @ 0.2%) and insecticide (oxydemeton methyl 25 EC 
@ 0.25%) in three replicates following randomized block design was 
assessed on the infestation of aphid, Lipaphis eryslmi Kalt, in Indian 
mustard cv. Varuna during rabi 1999-2000. Significantly minimum aphid 
incidence (2.74 aphids/10 cm central shoot length) and superior seed yield 
(801.62 kg/ha) with higher net monetary return (Rs 86467 ha) was noticed 
on the crop grown under full package. The application of these input.s 
provided better crop growth in comparison to untreated crop. Significantly 
higher aphid population (19.30 aphids/10 cm central shoot length) and 
lowest yield (597.67 kg/ha) were recorded on untreated crop. The extent of 
losses in seed production was estimated to be 66.82% over untreated crop. 
In view of the above information regarding the role of biological 
control, the following aspects in the present investigation were 
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undertaken :-
1. To study the control of Liphaphis erysimi by using Coccinella 
septiimpunctata (as natural predators), and, 
2. To observe the predation potential of all the 5 stages of the ('. 
sepiumpunctata. 
MATERIALS AND METHOD 
The collection of the adult and larvae of the ladybird beetles ('. 
septumpiinclata and the mustard aphid Lipaphis erysimi was done from the 
University Agriculture Farm, Aligarh Fort, Botany Department. A small 
plot was also maintained in the backyard of the Zoology Department as the 
mustaril seeds were sown there, so as to provide the constant and 
uninterrupted supply of the aphids and beetles. This was done during the 
months of November to Februaiy, when both the aphids and beetles were 
abundant in nature. 
The collected beetles were then kept in the previously cleaned and 
sterilized jars, containing sterilized sand, so as to avoid any microbial 
infection. The sand was filled upto V4 th of the total jar and a little 
moistened. Around 10 adult beetles of both the sexes were introduced into 
the jars, so as to avoid the overcrowding. A black chart paper was folded 
and kept into the jar to facilitate the egg-laying by the females. The jars 
were then provided with the fresh twig of mustard, infected with the 
aphids. The jars were cleaned daily and special care was taken to avoid any 
contamination or infection in the jars. 
2. PREPARATION OF INSECTICIDES: 
Chemical insecticides 
Commercial formulations of organophosphates, Malathion 50% EC 
(Greenthion, Swaraj Pesticides Pvt. Ltd.), Monochrotophos 36% SL 
:ts (Anucron, Anu Products Ltd.), Dimethoate 30% EC (Roger, Anu Product 
Ltd.), Quinalphos 25% EC (Robert, Jaishree Agro Ind. Ltd.) and the 
chlorinated hydrocarbon, Endosulfan 35 EC (Endocel, Excel industries 
Ltd.) were obtained from the market for the experimental purpose. 
Formulations were diluted to Wo stock solution using double distilled 
water by pearson's square method and was refrigerated until needed. 
3. EFFICACY OF INSECTICIDES ON ADULT C. SEPTUMPUNCTATA 
AFTEP PREDATING UPON APHIDS TREATED WITH INSECTICIDES 
Recommended concentrations of the insecticides were prepared from 
the stock solution. 
Mustard aphid infesting mustard plants was placed in petridishes (15 
cm, washed and dried) and sprayed with normally recommended prepared 
concentrations of insecticides. When dried (l'/2 hrs) aphids were 
transferred on to a fresh mustard twig. Each experiment was repeated 
thrice. Turgidity of the twigs was maintained by binding cotton soaked in 
water around the Vs"^ part of the twig and then covering with theSello tape, 
so as to conserve the moisture. Ten coccinellids of either sex and of 
uniform size were confined inside a petridish pair (10 m) along witii 
treated aphids. The petridishes were kept inside a BOD maintained at 
25±1 °C and 70±5%o RH. Mortality count of coccinellids were taken till 48 
hours. Moribund insects were taken as dead. 
15 
4. PREDATION POTENTIAL 
The adults of either sex were placed singly in the petridishes (15 cm, 
cleaned and dried) each provided with white paper over its surface. These 
adults were fed on the aphids. The adult and its 4 instars were kept singly 
in separate petridishes. A mustard twig of mostly uniform size was taken 
and length was measured with the scale. The length was divided into equal 
parts, then from one portion the aphids were shed with brush on the white 
paper, counted and then on that basis the total number of the aphids present 
on the twigs was calculated. The twig was placed in the petridish and the 
observation was taken next day, by counting the leftover aphids. Exuviaes 
not to be confused with the adults. Each was replicated thrice and the 
experiments were done twice one in February and again in March. 
5. STATISTICAL ANALYSIS: 
The following statistical calculations were prepared to summarize 
the results of the experiments. 
5.1 Arithmetic Mean (AM) and Standard Deviation (SD) 
The arithmetic mean and standard deviation were calculated for each 
dose of radiation, every chemical at each concentration and for each 
experimental pest used. 
_ N 
where, X = arithmetic mean 
ZX = sum of all values of variables X (i.e. Xi,X2...) 
N = Number of observations 
x = X - X 
X - X = deviations (mean) of each value from the mean 
N = total number of observations 
5.2 Chi square test (x )^ 
X^  for homogeneity/heterogeneity has been applied to verify the 
significance of the differences between the samples. 
^-I^ 
0 = observed frequencies 
E = expected frequencies 
5.3 Lethal concentration 
The LC50 is an estimate of the concentration of a chemical that 
would produce a specific effect (mortality) in 50% of an infinitely large 
population of the test species under the stated conditions. LC50 values are 
calculated from the mortality concentration graph. 
5.4 Toxicity ratio/relative ratio 
The relative ratios for each insecticide for the LC50 was calculated 
by taking the highest LC50 as unity and dividing it by LC50 from the same 
vertical column. 
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5.5 Order of toxicity 
Order of toxicity is determined comparing the relative ratios of each 
insecticide. 
IS 
RESULTS 
The test insect is identified as the Coccinella septtiniptinclata by the 
taxonomist of the Department and ijSASkept in the Laboratory for further 
studies. 
(a) Coccinella septumpunctata Linnaeus (Coleoptera : Coccinellidae) 
Commonly called as Ladybird beetles, are quite well known lo 
agriculturists in cropping systems like wheat, rice, and mustard. These are 
mainly attracted to agricultural crops in their adult stage, as these are 
voracious pollen feeders. In contrast these are also voracious predators 
feeding on mostly aphids which occur abundantly in crops like wheat, 
mustard and rice. 
The pre-oviposition and egg periods of the females of ('. 
septuniptinclata averaged between 7.52 to 1.76 days respectively. A female 
on an average lays 444 and 263 eggs/female at 20 °C and 30 °C 
respectively. The female lays eggs in clusters which are of cigar shaped. 
Shining deep yellow which turned light grey to black at the time of 
hatching. 
The larvae passes through four instar stages to become pupae. The 
averag- larval duration for the first, second, third and fourth instars are 1.5. 
2.5, 2.5, 5.5 days and 3.5, 2.0, 2.5 and 5.0 days for the month of February 
and March respectively. 
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(b) Toxicities of insecticides on C. septumpiinctata adults after 
predating upon poisoned aphids L. erysimi 
During the course of investigation it was observed that when ('. 
septumpiinctata were allowed to fed on aphids treated with different 
concentrations of various insecticides, the maximum mortality of 93.33% 
is noticed at 0.1% concentration of Malathion (Table 1, Fig. 1), whereas the 
minimum 3.33%) mortality is noted at 0.0025%) concentration of 
Endosulfan in entire duration of observation (Table 2, Fig. I). 
LETHAL CONCENTRATION :-
The calculated LC50 for the 6 insecticides are in the following order 
Malathion (0.0075) < Dimethoate (0.0079) < Monocrotophos (0.0082) < 
Methyldemeton (0.0086) < Quinalphos (0.0089) < Endosulfan (0.0091). 
The LC50 values are summarized in Table 7. 
ORDER OF TOXICITY :-
Formulation of Malathion is found to be most toxic against (\ 
septumpiinctata and Endosulfan proved to be least toxic. The order of 
toxicity is :- Malathion (1.197) > Diemthoate (1.152) > Monocrotophos 
(1.109) > Methyldemeton (1.058) > Quinalphos (1.022) > Endosulfan 
(1.000). The values are summarized in Table 7. 
POST EMBRYONIC DEVELOPMENT AND PREDATION 
POTENTIAL OF C septumpunctata :-
It evident from table 8 average duration of the larval stage of 
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C. seplunipunclala is 14.0 and 13.0 days during February and March with 
the minimum and maximum periods varying from 12.0 to 16.0 and 11.0 to 
15.0 days respectively. The average larval durations for the first, second, 
third and fourth instar are 3.5, 2.5, 2.5, 5.5 and 3.5, 2.0, 2.5, 5.0 days for 
February and March respectively (Table 8). The pupal period on an 
average ranged from 4.5 to 3.0 day in February and March respectively 
(Table 8). Longevity of adult coccinellids is found to be higher in February 
(18.5) than March (17.5) (Table 8). 
Different larval instars and adults of C. septumpunclala are found to 
vary in their predation potential. The number of aphids consumed/day by 
an individual predator increased with increase in its larval stage. It 
increased from 22 to 110 and 21 to 104 aphids/day minimum and 
maximum in the months of February and March respectively. An adult 
consumes 74-85 and 78 to 86 aphids/day. Minimum and maximum during 
the month of Februaiy and March (Table 8). The total average number of 
aphids consumed is found to be less in March (55.22 aphids/day) than in 
the February (57.5 aphids/day) (Table 8). 
/ 
ADULT 
BEETLE 
PUPAE EGGS 
LARVAE 
Plate 1. Life cycle of Coccinella septumpunctata 
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Table (7) LC50 of selected insecticides on the adults of C. septiimpiiDclala. 
Insecticide LC50 Relative Ratio Order of Toxicity 
Dimethoate 0.0079 1.152 11 
Malathion 0,0076 1.197 1 
Monocrotophos 0.0082 1.109 111 
Methyldemeton 0.0086 1.058 IV 
Quiiialphos 0.0089 1.022 V 
Endosulfan 0.0091 1.000 VI 
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Fig. I. Effect of selected insecticides on C. septumpunctata. 
DISCUSSION 
Among various problems the major concern should be devoted to the 
destruction of natural predators present in the environment. These natural 
predators present in the environment, play an important role in the 
biologif^al control of the pests as well as reduces the enhancement of other 
problems arising due to harmful insecticides used. 
Mustard aphid Lipaphis erysimi K. is very serious pesl of 
cruiciferous oilseeds in India and world wide. B. campeslris var. Toria; H. 
compeslris var. Sarson (Sarson); B. juncea raya; Enica saliva (taramira); 
and brassica and vegetables like B. oloracea var Capitata (cabbage); B. 
aleracea var. botiytisl (cauliflower); B. oleracea var. gongylodes (khol 
khol) etc. Present study is aimed at determining the toxicities of various 
insecticides to adults of Coccinella seplumpimcUUa L., which is a natiual 
predator of aphids. In the present study the six insecticides viz. Malathion, 
Dimethoate, Endosulfan, Monocrotophos, Quinalphos, and Methyidemeton 
are categorized as toxic and safe on the basis of LC50 {ldb\€i^S\ F ig^ ) . 
The toxicity of six insecticides used is in the following order; 
Malathion > Dimethoate > Monocrotophos > Methyidemeton > Quinalphos 
> Endosulfan showing the LC50 of 0.0076; 0.0079; 0.0082; 0.0086; 0.0089; 
0.0091; respectively (Table-f-) to adults of C. sepiumpitnclala after the 
entire duration of observation following predating upon poisoned aphids, ll 
is observed that Malathion, Monocrotophos and Dimethoate appeared to be 
toxic to adults of C. septumpunctala (1.197, 1.152, 1.109; Table-f), while 
Endosulfan, Quinalphos and Methyldemeton appeared to be safer 
(toxicities 1.000; 1.022; 1.058). Thus the later three can be use for the 
control of aphids when adult beetles are predating upon the aphids. 
Sharma and Adlakha^ (1981) tested 24 insecticides on the adults of 
C seplumpunciata and the cabbage aphid Brevicorync brassicae, the six 
insecticides which were common in the present study showed the following 
order of toxicity; Dimethoate > Malathion > Monocrotophos 
Methyldemeton > Quinalphos > Endosulfan, the relative toxicities found to 
be 40.41, 25.37, 19.14, 16.78, 14.36, 3.39 respectively for adult C. 
sepfumpunctata, while the order of toxicity for B. brassica was Endosulfan 
> Methyldemeton > Monocrotophos. The relative safety Indices of 
insecticides to predator C. septiimpunctata as compared to host 
Brevicoryne brassicae were 3.4, 2.6, 0.3 for Endosulfan, Methyldemeton 
and Monocrotophos respectively. On the basis of intrinsic toxicities 
Endosulfan and Methyldemeton were found to be safe for inoculation in 
the fields in the presence of C. sepfiimpunclala. The above finding is thus 
in accordance with the present study. 
Sharma and Adlakha (1986) reported the similar finding i.e. the 
predation of the coccinellid predator C. sepliimpunclata L. upon poisoned 
aphid cabbage aphid B. brassica L. results in the mortality of the predator 
which varies according to toxicity and selectivity of an insecticides. Out of 
28 tested insecticides, dimethoate, malathion, monocrotophos were found 
to be highly toxic whereas endosulfan and quinalphos as safe to the 
predator. The insecticides selectively safer to the coccinellid predator can 
be effectively used for the integrated control of cabbage aphid. 
The report by Bakhetia el al. (1981) that out of 15 insecticides tested 
against mustard aphid L. erysimi, the promising insecticides were 
oxydemeton methyl, quinalphos and malathion supports the present 
findings that the insecticides like oxydemeton methyl and quinalphos can 
be used for the control of mustard aphids. 
Yadav el al. (1988) also supports the present investigation, the use 
of methyldemeton (0.025%) closely followed by endosulfan (0.05%). 
chlorpyrifos (0.025%) and then malathion (0.05%) were found the best 
among all the 10 insecticides tested against cabbage aphid Lipaphis eryslini 
Kalt. 
Dhingra et al. (1995) also is in accordance with the present study, 
according to them out of ten insecticides tested against Menochilu.s 
.sexmaciilalus the order of toxicity was decamehrin > Cypermenthrin > 
Phosphamidon > Malathion > fenvalerate > Monocrotophos > 
Methyldemeton > Endosulfan > Lindane and the relative toxicity for 
malathion, monocrotophos, methyldemeton and endosulfan were 1,55, 
1.00, 0.28, 0.04 respectively. Adult M .sexmaciilalus were found to be 
ore resistant than aphid L. ery.simi to all the insecticides except m 
decamethrin and the safety limits were much higher for endosulfan, lindane 
and methylademeton. On comparing with the aphid A. craccivora the 
predator was more resistant to all the insecticides except malathion. 
Among the different insecticides tested endosulfan, lindane and 
methyldemeton were found to be highly safe for M sexmaculatus being at 
the same time most effective against various aphid pests. 
The present investigation is also supported by Dhingra (1999). 20 
insecticides were tested on the adults of C. seplumpunclala and the two 
aphids L. erysimi and Dactynotos carthami. The safety indices were also 
worked out. The order of toxicity of the insecticides common to the present 
work was Dimethoate > Monocrotophos > Malathion > Quinalphos > 
Methyldemeton. Evidently, the adults of C. seplmvpiiclala were more 
resistant than L. erysimi and D. carthami to all the insecticides. The safety 
limits being much higher for methyldemeton, lindane and endosulfan i.e. 
0.1226, 1.0 and 1.0 respectively and these were found to be most effective 
against various aphid pests at the same time. 
Devi el al. (2001) tested four insecticides i.e. cypermethrin. 
phosphamidon, dimethoate and methyldemeton and the order of toxicity 
for L. erysimi was phosphamidon > cypermethrin > methyldemeton > 
diamethoate, 
Predaceous coccinellids have been employed in the biological 
control of some injurious pests with a considerable degree of success. ('. 
seplumpimctata, an important aphidophagous predator, cuts down aphid 
population to a great extent in nature. The present study is concentrated 
with the post embiyonic development and the predation potential of C. 
septiimpiinctata. Different larval instars and adults were found to vary in 
their piedation potential i.e. the rate and ability to feed upon prey /.. 
erysimi. The number of aphids consumed/day by an individual predator 
increased with the increase in its larval age. 
The average duration of larval stage of C. septiimpiinctata is 14.0 
and 13.0 days during Februaiy and March with the maximum and 
minimum periods varying from 12.00 to 16.00 and 11.00 to 15.00 days 
respectively (Table-§) . The difference in larval period, is not much 
pronounced as there is not much fluctuation in the room temperature 
ranging from 19.3 °C to 21.1 °C and 23.8 to 24.5 °C during the months of 
February and March. The first and fourth instar larvae took longer duration 
as compared to second and third insects (Table Q). The present findings is 
in accordance with Mohammad and Mahmood (1986), the mortality rate in 
fourth instar larvae was invariably low in comparison to other instars. 
More or less similar observations were made by Sethi and Atwal (1964). 
the average larval duration at 20, 30 and 35 °C was 16.8, 6.8 and 6.4 days 
respectively. Singh and Malhotra (1979) and Bulter (1979) are also in 
conformity. Singh et al. (1994) also showed the similar findings, at the 
temperature of 18.35 to 20.9 °C and 21.6 - 23.6 °C in February and March 
c 
the minimum and maximum period vary from 11.0 - 17.0 and 10.0 to 16.0 
days respectively. Singh and Malhotra (1979) showed that the total 
duration of larval stages at 25, 30 and 35 °C were average to 11.1, 7.2 and 
6.1 days respectively. At varying room temperature of 20-24 °C, tli 
average duration of first, second, third and fourth instar were 3.6, 2.0, 1.9 
and 2.6 days respectively and total average larval life was 10.2 days. 
Bulter Jr. (1982) also showed the conformity that at the temperatures of 15, 
17, 20, 25, 27, 30 and 32 T the larval durations ranges from 31.1±2.9, 
20.2±2.2, 12.8±2.0, 9.9±0.9, 9.8±0.6, 7.7±1.2 and 6.2±0.4 days 
respectively. Devi et al. (1996) showed that at the temperature of 29.63-
32.13 °C the average duration of first, second, third and fourth instar were 
2.0, 1.67, 1.33, 2.33 days respectively. 
The pupal period on an average varied from 4.5 to 3.0 days 
respectively during the months of February and March respectively (Table 
16), The 4.0 - 5.0 days and 2.0 - 4.0 days respectively are found to be 
minimum and maximum for the months of February and March 
respectively. It is concluded that increase in temperature results decreases 
the pupal period. This findings in conformity with Sethi and Atwal (1964), 
Singh el al. (1994) supported the finding, the pupal duration is very much 
affected with the fluctuations in temperature. Singh and Malhotra (1979), 
supported the above finding, at temperature of 25, 30, 35 °C. The average 
pupal periods are 3.9, 3.1 and 2.7 days respectively and the percentage of 
emergence was 82.8%, 80.5% and 75% respectively. At room temperature 
of 20 - 24 "C the average pupal period was 4.7 days with the percenlagc 
emergence of 84.3% the pupal period are positively correlated with 
emergence, i.e. larger the pupal period more the emergence of adults. The 
present findings also is in accordance to Bulter Jr. (1982), at the 
temperature of 15, 17, 20, 22.5, 25, 27, 30 and 32.5 °C the pupal duration 
varies from 13.0±1.4, 7.9±1.1, 5.6±0.7, 4.3±0.6, 3.1±0.8, 2.9±0.4, 2.8±0.4 
days respectively. Increase in temperature leads to decrease in pupal 
duration. Devi el al. (1996), also supports the above finding that under lab 
conditions the average pupal period was recorded as 3.33 days. 
The longevity of adults varied from 2.0 to 35.0 days and 4.0 - 3 1.0 
days minimum and maximum during the months of February and March 
respectively. Its average value was higher in February (18.5 days) then in 
March (17.5 days). Most of the adults expired after 27 - 30 days of 
emergence, however a few individual are found to survive more. Sethi and 
Atwal (1964) also supported the above statement that the average longevity 
of C. septumpiwctata was decreased from 69.2 days at 20 °C to 10.4 days 
35 °C. Present findings is in accordance with Singh and Singh (1994) that 
the mean length of generation decreases with increase in temperature. 
The predation potential of larval instars and adults of (' 
seplnmpimctata on the L. erysimi increases with the stage. The number oi' 
aphid consumed/day by an individual increases from 22.0 to 108.0 days 
and 21.0 to 102.0 days from the first to fourth instar larvae maximum and 
minimum during the moth of February and March respectively. An 
individual consumes on an average 74-85 aphids/day and 78 to 86 
aphids/day, minimum and maximum in the month of Februaiy and Marcli 
respectively (Table ^g). Total average number of aphids consumed by an 
adult individual are 79.5 and 82 for February and March respectively at the 
room temperature. The average predation potential of adults are greater 
than the larvae. 
It interesting to note that the present results are similar to Singh and 
Malhotra (1979), according to which that the rate of feeding among 
different instars varied greatly. The 1 and 11 instar consume on an average 
32.4 and 40.5 aphids respectively. Mohammad and Mahmood (1986) 
reported that the number of aphids consumed by the predator increases 
with increasing age of larvae and varied according to the duration of larval 
instar. Singh et al. (1994) stated a similar finding, the predation potential 
of adults of C. septumpunctata was greater (average 78-80 nymphs/day) 
than its larva (56-57 nymphs/day). The older larvae consumes more 
number of aphid nymphs/day than younger. Singh and Malhotra (1979) 
stated that feeding among different instars varied the duration of eacli 
larval instar was also responsible for the rate of feeding. An individual in 
order to complete its larval development on an average consumes 284.6 
aphids. Devi et al. (1996) stated that the feeding potential of predator was 
recorded as on average 291.65 nymphs for larval durations and adult beetle 
consumes 141.3 aphid nymphs/day. 
Thus temperature plays a vital role not only in the pre and post 
embryonic development of the beetles but also in predation of the aphid.s 
by its predator. 
The control of insect faces on the one hand great concern about 
environmental pollution by poison chemicals and on the other hand 
development of resistance developed by pests against pesticides 
consequently alternative to chemical control are being urgently needed. 
Among the most interesting is utilization of natural predators present in the 
environment along with organic insecticides therefore the present study is 
given ample proof that this method is potential tool for future. 
In conclusion there appears little prospects in the foreseeable future 
that the biological control measure is veiy necessary to improve their 
efficiency and enable them to be increasingly employed in integrated 
control programme in conjunction with biopesticides. 
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INTRODUCTION 
Food irradiation has the longest history, more tlian 40 year, of 
scientific research and testing of any food technology before approval. 
Research has been comprehensive, and has included wholesomeness. 
toxicological and microbiological evaluation. 
In 1955, the US Army Medical Department began to assess the 
safety of types of food commonly irradiated in US diet. Petitions to the 
FDA for approval of specific food for irradiation soon followed wheat and 
wheat powder received the first approval in 1963. 
Food irradiation has an impressive list of national and international 
endorsements - ADA, American Council on Science and Health, American 
Medical Association, Council for Agricultural Science and Technology. 
International Atomic Energy Agency, Institute of Food Technologists, 
FAO and WHO. 
According to Sethi and Garg (1981) the radioactive isotopes are very 
versatile tool and are being all over the world. This method seems to be 
comparatively more promising than older methods because (i) it can be 
incorporated in modern grain handling (ii) it can be used to give 
instantaneous treatments (iii) it leaves no residues at reasonably low 
dosages which suffice for this purpose. 
Lippold el al. (1969) studied the effect of Gamma rays (using C-60 
as source) and insecticides, on the insect eggs, immature and adult insect 
and by the help of Gas-Liquid, chromatography determined the greatest 
reduction in concentration was noted in DDT (75%), malathion (71%). 
binapacryl (58%), endosulfan (46%), tetradifon (28%)) and parathion 
(27%). Singh and Liles (1972) studied the effect of y-rays on the acute 
lethality and reproductive potential of Rhizoperiha dominica (F) and 
indicated that 5KR to be equally effective in sterilizing both males and 
females of/?, dominica and also suggested a dose of 40KR for rapid killing 
of species. Brown and Davis (1975) studied the treatment age and dose rate 
of Gamma ray on the Acanis siro (Grain mite) and the results indicated the 
increasing sensitivity to radiation with age upto 3 days after which the 
sensitivity decreased with age and the mortality of the irradiated eggs 
increases with age upto 3 days and then decreases. 
A combination of radiation (y-rays) and fumigation of Methyl 
Bromide might prove useful or deterimental depending on whether one 
treatment enhances retarded the effectiveness of either and the results 
showed the insect mortality produced by methyl bromide alone occurred 
within 14 days after exposure, whereas the effects of radiation dosages 
were only beginning to appear at this time and the combination of 
Methylb roamide fumigation and radiation within the projected commercial 
range was generally more effective than either treatment applied alone. 
Cogburn and Gillenwater (1972) observed the effect of interaction of 
Gamma rays radiation and fumigation on composed flour beetles 
M 
T. castaneiim. 
Cogburn e/ al. (1972) studied the effect of bulk grain gamma 
irradiation for the control of insects infesting wheat viz. Silophilos oiyzca, 
Rhizoperiha domimca, Cryptolesics sp. Brown el al. (1972) studied the 
Gamma radiation effects on Sitophilus zeamais and S. granamis, all the 
stages of these weevils were treated with 5, 10, 20, 30, 50 and 100 krad 
and it was found that eggs and larvae of both species were unable to 
develop to the adult stages at any treatment level. The emergence of adults 
from irradiated pupae occurred with doses as high as 30 krad from .V. 
zeamais and as high as 20 krad for S. granarius. A dose of 5 krad in the 
pupal stage of both species was sufficient to cause sterility. Survival time 
of irradiated adults decreased with increasing dose. 
Cogburn and Spiers (1975) studied the effect of toxicity of 
Malathion to y-radiated and non-irradiated adult Tribolium caslaneuni Red 
flour beetles and the radiation was applied before the chemical treatment. 
The dosages of 5 krad didn't produce any mortality when applied alone and 
actually afforded some protection to the insects against the Malathion. At 
dosages of 10 krads or more, however, radiation combined with malathion 
at the rate of 0.05 ^lg/insect was slightly more lethal. Combination 
treatments produce earlier mortalities than radiation alone. The combined 
effects of Gamma radiations and insecticidal treatment direct spray on the 
adults of susceptible strains of T. castaneiim was studied by Bhatia and 
Sethi (1980) and it was found that the combined effects of ionizing 
radiations and insecticides conducted so far show that the insecticidal 
toxicity can be altered if the insects are exposed to radiations prior to 
insecticidal treatment. 
Barbara M, Reagan (1982) used the gamma radiation, microwaves 
and radiowaves to control fabric pests and other insects. Lester (1990) 
compared the Co-60 gamma radiation dose rates on grape fruit flavedo 
tissue and Mexican food fly mortality. 
Ahmad (1999) studied the effect of gamma radiation on eggs of 
Trogocierma and also on the different ages of larvae of Tribolinm anaphc 
Hinton. Patrick Sinco (2000) reported the use of gamma rays in book 
conservation to save them from pests present in them. 
In view of the above information regarding the role of radiations in 
the insect control, the following aspects in the present investigation were 
undertaken;-
1. To study the effect of radiation on Tribolinm caslamiim (Herbst) 
and Rhizopertha dominica (Fabricius) 
2. To extend the observations for the study of effects of radiation in 
combination with malathion. 
MATERIALS AND METHODS 
1. BREEDING AND MAINTENANCE OF STOCK CULTURE:-
A survey was conducted in the different farm houses, godowns, and 
local market of Aligarh. Different stored grain pests were collected from 
these places. These pests were brought to the laboratory and identified as 
the Triholhim castamum Herbst., and Rhizoperiha dominica Fabricus. The 
culture of T. castaneum and R. dominica was maintained by rearing it on 
sterilized wheat grain Triticiim aestivum and rice Sativum oryza,^ Wheat 
grains, glass rearing jars of size 176.62 cm^, muslin cloth and rubber bands 
were sterilized by exposing them to ultra violet (UV) rays in the laminar 
flow for 15 minutes. 
In each rearing jar of the size 176.62 cm , 250 g of sterilized wheat 
grains were taken and to this about 300-400 adults of 7'. castaneum, R. 
dominica were released separately for oviposition. These jars were then 
covered by muslin cloth using rubber bands. After week's time, adults 
were sieved out and released in a fresh sterilized jar containing wheat 
grains. Rearing of these insects was done in the constant room temperature, 
maintained at a temperature 28±2 °C and relative humidity 75±5%. Parallel 
stocks were also maintained to ensure constant and ample supply of insects 
of uniform age and stage for experimental work. 
Two factors which directly influence rapid multiplication of insects 
are the temperature and humidity and thus, in the present investigation 
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temperature and humidity were maintained. During the investigation, 
insects were handled with care to avoid any mechanical and physical injury 
in order to prevent any microbial infection. 
2. PREPARATION OF INSECTICIDES 
As explained in PART-A. 
3. INSECTICIDE BIOASSAY AND RADIATION TREATMENT: 
For the study of combined effects of gamma rays using co-60 as a 
source and Malathion the four groups were made viz. (i) Malathion before 
radiation (ii) radiation before application of Malathion (iii) only Malathion 
(iv) control (only DDW and radiation and the DDW). The exposure doses 
were of 2 krads, 4 krads, 6 krads, 8 krads and the facility was available at 
the Department of Radiotherapy, Jawaharlal Nehru Medical College. 
A.M.U. For the insecticidal spray two dilutions viz. 0.005% and 0.009% of 
Malathion was prepared from the stock solution. The glass petridishes (15 
cm) was washed properly dried and sterilized in the thermostat. With the 
camelin permanent marker, the petridishes were marked according to tlie 
groups; concentrations of insecticides and the doses to be introduced. Each 
experiment conducted was replicated thrice. Around 500 adult, healthy and 
undamaged T. castaneiim were taken from the jars and then divided into 4 
groups having 45 insects in each group. So around 100 insects were taken 
for a group 50 for 0.005% and 50 for 0.009% of Malathion. 
For Group-I (Malathion) before radiation, the insects were firstly 
46 
sprayed with 0.005% and 0.009% Malathion separately and after 15 
minutes the insects were transferred to fresh petridishes, covering with 
muslin cloth. 
For Group-11, the T. castaneum transferred to petridishes and 
covered with muslin cloth. 
For Group IV (b) i.e. the Radiation with DDW the insecticides were 
then transferred to petridishes and covered with muslin cloth. 
The above groups were then taken to JNMC and the doses were 
introduced. The field size, SSD and dose of exposure was set before the 
exposure. After exposure the insects were taken back to the laboratory. For 
Group II and III, the insecticidal spray was given and after 15 minutes 
insects was transferred to sterilized petridishes covered with muslin cloth. 
For Group IV a and b, DDW was sprayed, observations were made 
till the 4"' day. 
4. STATISTICAL ANALYSIS 
As explained in PART-A. 
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RESULT 
The insects which were identified as the Triholluni caslaneuni 
(Coleoptera : Tenebrionidae) and Rhizoperiha dominica (Coleoptera : 
Bostrichidae), kept in the laboratory for further studies:-
A, Triholium castaneum Herbst 
T. castaneum, known as the Rust Red flod^ r beetle, is most common 
pest of wheat flour, also feeding upon the diy fruits, pulses and prepared 
cereal food. Both the larvae and adult causes the damage. 
The female lays white, transparent, cylindrical eggs in the flour. A 
female may lay about 330-950 eggs. The incubation period lasts 4-10 days. 
The mouthing occurs 6-7 times and grows fully in 22-25 days at 30 "C. 
Pupation takes in the flour, lasting for 5-9 days. The development period is 
from eggs to adult is 26-30 days in summer but its longer under 
unfavourable conditions of temperature and food. 
The insect is incapable of feeding on sound grain, it does 
considerable damage to flour and flour products and also to grain damaged 
by other pests. The larvae are negatively phototactic always found hidden 
in the food. The adults are however active creatures capable of short fliglits 
but are mostly found concealed in flour. In severe infestation, the flour 
turns greyish and mouldy and has a pungent disagreeable odour making ii 
unfit for human consumption. 
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B. Rhizopertha dominica Fabricius 
Commonly called as lesser grain borer, it is a known destructive 
pests of wheat and has been recorded on the other grains as rice, maize, 
sorghum, barley, lentils, army biscuits, stored grains etc. 
Both, adults and the larvae causes damage. Polyandiy and polygamy 
are common in the insects. A female can lay eggs 300-400 eggs. The 
development of egg to adult requires approximately 1 month. The adults 
and grubs causes serious damage to the grains by feeding inside them and 
reducing them to more shells with irregular holes. When the infestation is 
severe, the adults produce considerable amount of fross, spoiling more than 
what they eat. The flour so produced, severe as nourishment for the young 
until they are ready to bore into the grains. 
C. Effect of Malathion alone and in combinations with Gamma (y) rays 
on stored grain pests 
Observations were made on studying the effect of two 
concentrations i.e. 0.005% and 0.009% of malathion alone, as well as with 
the combinations of gamma rays on two stored grain pests (Table 9-16; 
Fig. Il-VI). 
C.l. Triboliiim castaneum 
C.1.1. Toxicity :- When the malathion alone was sprayed on adults of 7. 
castaneum at two different concentrations i.e. 0.005% and 0.009%, the 
total percent mortality after 96 hrs was noted to be 62.22%) and 84.45% 
4'J 
respectively (Table 10; Fig. IV). 
Significant differences were also observed against both the 
concentrations of malathion (P<0.005, df = 1) (Table 10). 
When the treatment of malathion is followed by the exposure of 
gamma (y) rays maximum mortality was 15.55% at 96 hrs with a 
corresponding dose of 0.009%. Malathion in combination with y-rays 
having a dose of 8 krads. Minimum mortality was 2.2% at 60 hrs having 
0.005% malathion followed by a dose of 2 krads of y-rays. 
Total percent mortality of 46.67% and 64.45% at concentrations of 
0.005% and 0.009% concentration of Malathion with 8 krads was counted 
to be maximum for the entire duration of exposure (Table 11; Fig. Ila-f). 
The x^  values shows that the responses of T. caslaneum to both 
0.005% and 0.009% concentration of malathion followed by different 
doses of radiation are significant (P<0.005, df = 1) (Table 11). 
A case where the exposure to y-ray is followed by pesticide 
treatment, 8.89% and 35.56%) mortality was observed at 8 krads with 
0.005% and 0.009% malathion respectively (Table 11; Fig. Illa-d). 
Significant difference (P<0.005, df = 1) in x^  were obtained between the 
observed and expected values of dose applied. 
Software analysis reveals a parallel tiend of both, the applied 
concentration of malathion on T. castaneum when a graph was drawn between 
percent mortality versus duration of exposure of pesticide alone (Fig. IV). 
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C.1.2 LETHAL CONCENTRATION :-
Calculation of LC50 at 0.005% Malathion followed by exposure to 
radiation was ignored upto 60 hrs due to significantly low percent 
mortality. The maximum LC50 at 96 hrs i.e. 5.1 krads while the minimum 
at 60 hrs i.e. 4.3 krads (Table 12). For 0.009% Malathion followed by 
exposure to y-rays, the minimum LC50 was for 48 hrs (4.9 krads) and 
maximum at 96 hrs (5.3 krads) (Table 12). 
Evaluation of LC50 values, post exposure of y-rays were ignored due 
to a considerable low percent mortality (Table 12). 
C.L3. ORDER OF TOXICITY :-
A dose of 5.1 krads at 96 hrs found to be toxic when spray of 
0.005% Malathion is followed by exposure of y-rays (Table 12). 
For 0.009% Malathion spray followed by y-rays adose of 5.3 krads 
was found to be most toxic (Table 12). 
C.2. Rhizopertha dominica :-
C.2.L Toxicity :- When the malathion was sprayed on adults of R. 
dominica at two different concentrations of 0.005% and 0.009% to total 
percent mortality after 96 hrs was noted to be 61.11% and 64.44% 
respectively (Table 14; Fig. Vll). Significant differences were also 
obtained against both the concentrations of malathion (P<0.005, df = 1) 
(Table 14). 
When the treatment of malathion is followed by the exposure of y-
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radiations, maximum mortality was of 15.56% at 96 hrs with a 
corresponding dose of 8 krads. Minimum mortality was found to be 2.2% 
at 72hrs in response to 0.005%) malathion in combination with exposure of 
2 krads of y-rays. Total percent mortality of 42.22% and 60% at 0.005% 
malathion and 0.009% concentrations of malathion followed by dose of 8 
krads y-rays were found to be minimum and maximum respectively in the 
entire duration of exposure (Table 15; Fig. Va-f). The calculated x values 
shows that the responses of R. dominica to both 0.005% and 0.009% 
followed by different doses of radiation are significant difference 
(P<0.005, df= 1) (Table 15). 
A case where the exposure to gamma (y) rays is followed by the 
malathion treatment, a minimum 2.2% mortality with exposure of 2 krads 
followed by 0.009%) concentration of malathion was recorded at 72 hrs. 
The maximum percent mortality 13.33% at 96 hrs with 8 krads of y-rays 
followed by 0.009%) malathion was recorded. The total maximum percent 
mortality is 40%) for 8 krads with a corresponding spray of 0.009% 
malathion and a minimum of 2.2%) mortality is recorded for 4 krads 
followed by a spray of 0.005%o malathion, in the entire duration of 
exposure (Table 15; Fig. Vla-d). No mortality was at 2 krads followed by 
0.005%) malathion spray. 
Calculated y^ values show significant difference (P<0.005, df = I) 
between the observed and expected values of dose applied was 
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observed on. 
A parallel trend line observed for both the applied concentration of 
Malathion on R. dominica when a graph was drawn between percent 
mortality vs duration of exposure of pesticide alone (Fig. VII). 
C.2.2 LETHAL CONCENTRATION :-
Maximum LC50 5.8 krads at 96 hrs and minimum 3.6 krads at 36 hrs 
was recorded at 0.009% Malathion followed by the exposure of y-rays. 
While a maximum LC50 of 5.0 krads at 84 hrs and minimum 0.4 krads at 48 
hrs was recorded when 0.005% Malathion concentration was followed by 
exposure of y-rays (Table 16). Calculation of LC50 for the exposure of 
gamma rays followed by 0.005%. and 0.009%) Malathion was ignored upto 
60 hrs due to low percentage of mortality. The maximum LC50 5.1 at 96 hrs 
and minimum 3.5 at 72 hrs was recorded at 0.009%) concentration of 
Malathion preceeded by the gamma rays. While a minimum of 2.0 krads 
and maximum of 4.9 krads was recorded at 72 hrs and 96 hrs respectively. 
When the exposure of y-rays is followed by the 0.005%o concentration of 
Malathion (Table 16). 
C.2.3. ORDER OF TOXICITY :-
The dose of 5.8 krads was found to be most toxic at 96 hrs when 
0.009%) malathion was followed by radiation, while the least toxic dose 3.6 
krads was found at 36 hrs followed by 0.009% concentration of Malathion. 
A dose of maximum 5 krads was found to be most toxic at 84 hrs and 0,4 
krads least toxic at 48 hrs at 0.005% Malathion followed by exposure of 
gamma rays (Table 16). 
A dose of 5.1 krads at 96 hrs, and 3.5 krads at 72 hrs was found to 
be maximum and minimum respectively. The exposure of y-rays followed 
by 0.009% Malathion, while a dose of 4.9 krads at 96 hrs and 2.0 krads at 
72 hrs found to be maximum and minimum at 0.005%. Malathion 
preceeded by y-rays (Table 16). 
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(y) rays in Tribolium castaneum. 
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Fig. rv. Effect of only Malathion on Tribolium castaneum 
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Fig. V. Effect of Malathion in combination with post exposure of gamma 
(y) rays in Rhizopertha dondnica. 
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Fig. VI. Effect of Malathion in combination with pre exposure of gamma 
(y) rays in Rhizopertha dominica. 
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DISCUSSION 
Available literature shows that the resistance problem under the 
present investigation of storage pests is very serious, with respect to 
insecticides specially contact chemicals. Borah and Cahal (1979) reported 
that kapra beetle has developed high level of resistance to fumigant 
phosphine in certain parts of Punjab. Thus, resistance to one or more 
insecticides has developed in all major pests of coleoptera. For the safer 
control of stored product pests, it is necessary to introduce some 
alternative methods or friendly chemicals so as to reduce the chances of 
resistance inbuilding, free of contamination of grain and residual hazard. 
In the present investigation attention is attracted towards tlie 
possiblf^  use of gamma rays to control insects in stored grains and stored 
grain products, as the two promising uses of atomic radiation are for insect 
control and food presentation. Therefore, the efficiency of insecticides is 
calculated in combination with radiation or insecticides alone. The toxicity 
of Malathion with gamma radiation is evaluated against two economically 
important stored grain pests i.e. Triholhim castaneum and Rhizoperiha 
dominica. The chemicals and gamma rays do affected the survival rate, but 
it was found that total percent mortality was more in the insecticidai spray 
alone than in the combined form. But the average mortality rate increased 
with the increasing concentrations of insecticides and dosages of gamma 
rays. 
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The data showed that 0.009% concentration of Malathion appeared 
to be more toxic against 0.005% concentration causing at total of 84.42% 
and 64.40% mortality in T. castaneiim and R. dominica respectively in the 
entire duration of observation (Table 10, 14; Fig. IV, VII). 
In the present investigation it is found that the effects of various 
doses of gamma rays were not very lethal when exposed alone. The highest 
total percent mortality noted to be 4.4% and 6.67% at 8 krads for 7. 
castamum and R. dominica respectively. Very low dosages of gamma rays 
are unable to cause the immediate mortality. Present study is in accordance 
with Singh and Liles (1972) wherein at dose of 5 krads no mortality 
occurred but a dose of 20 krads or greater will produce 100% mortality in 
4-25 days. Watters and MacQueen (1967) showed that on exposure of 5 
krads the effects are similar as found in the control. According to Brower 
and Tilton (1972) a dsoe between 5-20 krads is capable of causing sterility 
in Trogoderma inclusum. Brown et al. (1972) showed that a dose of 5 
krads or more cause the permanent sterility in the adults of Silophiliis 
zeawais, but not the immediate mortality. Similar observations were made 
by Singh and Liles (1972) in the adults of R. dominica. A dose of 5-20 
krads is sufficient to cause sterility in adults but there is no immediate 
mortality. Egg production ceases in pairs involving either one or both 
parents irradiated. Changes in genetic constitution Von Bostel (1963) or 
destruction of ovarioles Whiting (1940) may be the possible reasons for the 
7! 
suppression or inhibition of egg production. 
The effect of two concentrations 0.005% and 0.009% of Malathion 
followed by various doses of gamma rays, the results are not as high as in 
malathion alone. The total percent mortality at 0.005% concentration of 
malathion followed by 8 krads was 46.67% and 42.22% for T. castanevm 
and R. dominica respectively. While at 0.009% concentration it was 
64.44% and 60.00% for T. castaneum and R. dominica respectively (Table 
11, 15; Fig. Ila-f, Va-f). Above results supports the findings of Bhatia and 
Sethi (1980). When irradiation followed the insecticidal treatment 
mortality responses of adults of T. castaneum was affected. The reason for 
lower mortality to occur, may be due to fact that malathion being quick 
acting insecticide when applied prior to radiation, its action started 
immediately and before any mechanism interfering with insecticidal 
toxicity due to radiation, began to play their role. 
The present study further shows that no mortality was observed 
when irridated (2 krads) insects of both the species were treated with 
0.005% concentration of Malathion. The highest mortality of 35.56% and 
40% was recorded at 8 krads followed by 0.009% concentration of 
Malathion for T. castaneum and R. dominica respectively (Table 11,15; Fig 
Illa-d, Vla-d). The relative toxicities of Malathion when preceeded by the 
various doses of radiation was altered. This tolerance of insecticides may 
also favour the observations made by Bhatia and Sethi (1980), Robert and 
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Cogburn (1972), Cogburn and Gillenwater (1972). The tolerance of 
insecticides in the iiridated adult is more as there is a choice of reduction 
in insecticidal toxicity by radiation. Cogburn and Speirs (1972) revealed 
that incase of T. castamum when irradiation preceded chemical treatment, 
5 krad dose didn't show any mortality but when the insects were exposed 
to 10 krad with the combined treatment of malathion (0.05 insect) was 
slightly more lethal than either of the treatment alone. 
The interaction of radiation and insecticides and its mechanism in 
bringing about the reduction in insecticideal toxicity may have different 
reasons. Georghiou (1965) pointed out radiation may alter somatic tissues 
in either of the following ways (a) increasing or decreasing the efficacy of 
cells which can detoxify pesticides or (b) modify the agent. Guenthner and 
Ware (1967) speculated that such an effect in housefly resulted from 
increased level of esterrases that detoxify malathion and radiation 
treatment often produce a general slowing down of metabolism of the 
affected insects. It is suggested that in the present case either the malathion 
isn't completely absorbed or translocated to its active site giving metabolic 
treatments more time to breakdown the chemicals thus increasing 
tolerance. 
O'Brien (1967) stated that the phosphotases and carboxyesterases 
cleavage exist universally in organophosphates and in those compounds 
containing carboxyester group-COOR as in malathion, cleavage of the later 
group may constitute the predominant degradative pathway. Studies with 
different insect species suggested that the percent of malathion 
metabolized through these pathways differed both quantitatively and 
qualitatively from one species to another O'Brien (1961), O'Brien and 
Wolf (1964) and Mehrotra, Sethi, Prasad (1968). It was also been shown 
and suggested that the increased tolerance in the adults of houseflies 
caused by the irradiation of pupae may be due to stimulating the 
production or activity of these enzymes Whitcare and Ware (1970). 
Lippold et al. (1969) demonstrated that co-60 radiation has a 
degradative effect on several insecticides. Based on Gas Liquid 
Chromatography the greatest reduction in concentration was noted with 
DDT (75%) followed by Malathion (71%); Binapacryl (58%), Endosulfan 
(45%), Tetradifon (28%) and Parathion (27%). The same effect has been 
observed with a variety of compounds exposed to co-60 radiation. Dosages 
of 0.08-1.92 Mrad resulted in reduction of Vitamin A and C, carotenes and 
riboflavin in milk Kung et al. (1953). Decrease in the pectin content and 
subsequent softening of irradiated fruit and vegetable tissue have also been 
correlated with dose Massey and Boorke (1967). The rate of disappearance 
and degradation of many pesticides residues has been shown to follow first 
order kinetics Gunther and Blinn (1975). 
Therefore, survey of literature quoted in the present study directs to 
assume that insecticides alone if used to control the pest population are 
proved to be more effective, but due to the tolerance building or residual 
effects, pre-application of malathion in lower concentration can be used 
with the higher dose of gamma rays. The pre-exposure of radiation works 
as a shield in retaining the resistance in pests against insecticides used and 
thus, reducing the mortality rate. The present investigation attempts have 
been made to provide a clear-cut account on the effect of insecticides and 
radiation and in combination of both on pests and definitely open a path for 
future investigation in the field of radiobiology. 
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SUMMARY 
Triboliwn castaneum and Rhizoperlha dominica are two important 
stored grain pests and Coccimlla septumpimctata is an important predator 
in North India. The above mentioned stored grain pests were selected to 
study the effect of radiation alone and also in combination with malathion 
whereas the effect of various concentrations of different insecticides were 
tested on C. septumpimctata by allowing them to feed on treated aphids. 
In present investigation, the toxicity of various pesticides on adults 
of C. septumpimctata are tested by allowing them to feed on treated aphids, 
with various concentrations ranging from 0.005% to 0.1% of different 
insecticides in laboratory conditions and it is found that among all the 
insecticides used Malathion (LC50 0.0076%) proved most effective 
followed by Dimethoate (LC50 0.0079%); Monocrotophos (LC50 0.0082%); 
Methyldemeton (LC50 0.0086%); Quinalphos (LC50 0.0089%) and 
Endosulfan (LC50 0.0091%). From the observation it is thus concluded that 
spraying of Quinalphos and Endosulfan on the crops infested with aphids is 
quite safer when their natural predators are present. 
The predation potential increased with the developing stages of the 
predator. The total number of aphids consumed found to be increased from 
first instar to fully developed adults. It is also noted that there is decrease 
in the total aphid consumption with the increase in temperature. So that 
total number of aphids consumed by an adult are more in February than in 
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March. 
Spray of Malathion proved more effective on both the stored grain 
pests, hi case of T. castaneiim 84.46% mortality is observed at 0.009% 
concentration but in combination of 0.009% malathion followed by 8 krads 
the total present mortality is 64.46%. 
In case of R. dominica, total percent mortality of 64.45% is noted 
with the spray of 0.009% malathion. A total of 60.00% mortality is found 
when a dose of 0.009% malathion is followed by 8 krads whereas when 8 
krads dose is followed by 0.009% malathion spray total mortality of 40% is 
observed. 
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